Niphargus sarii sp. n. was collected from Jo-Khanem Spring in Ilam Province. This species hypothesis is based on the analysis of morphological characters and 28S ribosomal DNA sequences. In this paper, we describe the morphological traits of this new species. Then, its taxonomic status within the genus is discussed in comparison to the 15 known Iranian species. Results revealed that N. sarii sp. n. is phylogenetically close to N. sohrevardensis. This species is easily distinguished from other Iranian species by some characters, in particular the equal length of rami in uropod I, lack of lateral robust setae on telson and the situation of dactylus to posterior margin of propodus in gnathopod II.
INTRODUCTION
The Zagros Mountains range has a total length of 1600 km from northeast Iraq to the Strait of Hormuz and its elevation gradually declines toward the Persian Gulf (Raeisi 2004 ). This region is composed mainly of the karstic carbonate formations, and its karstic aquifers are among the most important karst reservoirs in the western part of Iran (Raeisi & Stevanovic 2010) . Due to the wide geographical range and geological conditions coupled with the climatologically diverse environments, the Zagros Mountains range provides a great diversity of species in aquatic and terrestrial habitat types (Smith 1953 , Sargeran et al. 2008 , Akmali et al. 2011 , Esmaeili-Rineh et al. 2016a , EsmaeiliRineh et al. 2016b , Afroosheh et al. 2016 , Fathipour et al. 2016 , Shahabi et al. 2017 , Mamaghani-Shishvan et al. 2017 , and it is considered as a centre for the origin of numerous species (Coad & Vilenkin 2004) .
The survey of species diversity in freshwater habitats indicates that large numbers of animal species are endemic in this part including the members of the genus Niphargus Schiödte, 1849 (Niphargidae, Amphipoda) . These blind and depigmented animals normally live in subterranean freshwater ecosystems, and only a few niphargids of them occur in the surface waters (Sket 1981) . They are distributed across most of Europe, and few species are known from the Middle East (Fišer 2012) . Many of the 330 described species are ESMAEILI-RINEH, S., MOHAMMAD-NIAKAN, A. & AKMALI, V. known only from their type localities. According to Christman et al. (2005) , endemism or the restriction of taxa to a particular geographic area is very high in subterranean fauna due to the poor migratory capabilities.
So far, 16 species were described from Elburz (2 species) and Zagros Mountains ranges (14 species) in Iran. The described species have been found in the karstic areas including three from caves and the rest of the springs, but there are also species that are found in both cave and spring waters (e.g. N. hosseiniei). The most of them are endemic with narrow range. In contrast, some species such as N. khwarizmi have wide range, the distance between the two populations of this species is about 570 km (Esmaeili-Rineh et al. 2015a) . In this paper, we present results of a recent survey on niphargid fauna from Ilam Province and describe a new endemic species of this genus.
MATERIAL AND METHODS

Study area
The specimens were collected using a small hand net in Jo-Khanem Spring (33°19'N, 46°40'E) close to Chardavol City in Ilam Province (Fig. 1) .The Ilam Province is located in the western and southwestern regions of the Iranian Plateau between 31°58' to 34°15' N and 45°24' to 48°10' E. Altitude ranges from 50 m a.s.l. in the south to 3062 m in the Kabir- 
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Kouh Mountain (to the east of the province). So far, N. ilamensis was found from this region in north part of Ilam Province.
Morphological and morphometric studies
Characters of individual specimens were measured according to Fišer et al. (2009) and then mounted on slides in a Euparal medium. Digital photos were taken with an Olympus LABOMED iVu 7000 camera fitted on an LABOMED Lx500 stereomicroscope. Measurements and counts were made using the computer program ProgRes CapturePro 2.7. The specimens used for the present study are deposited in the Zoological Collection of Razi University (ZCRU).
Phylogenetic analyses and molecular divergence
We extracted total genomic DNA from a part of the animal using Tissue Kits (GenNetBio™), following the manufacturer's instructions (Seoul, South Korea). A 810 bp of the first fragment of 28S ribosomal DNA were amplified and sequencing using the forward primer from Verovnik et al. (2005) and the reverse primer from Zakšek et al. (2007) . Polymerase chain reactions (PCRs) in a final volume of 25 µl contained optimized amounts of PCR water, 12.5 µl of Master Mix kit (Sinaclon, Iran), 0.2 µl of each primer (10µM), and 50-100 ng of genomic DNA template. PCR cycling settings were as follows: initial denaturation of 94°C for 7 minutes, 35 subsequent cycles of 94°C for 45 seconds, 55°C for 30 seconds and 72°C for 1 minute, and a final extension of 72°C for 7 minutes. Purification of PCR products and sequencing were commercially performed by Macrogen Inc. (Korea).
In order to figure out the phylogenetic position of the new species, we analysed the acquired sequences within the data set of Esmaeili-Rineh et al. (2015a , 2017a (Table 1 , all samples included in analyses). All the sequences were edited and aligned using Clustal W (Thompson et al. 1994) , as implemented in the Bioedit program sequence alignment editor (Hall 1999) using the default settings.
Phylogenetic reconstruction was performed using the Bayesian inferences in MR-BAYES, version 3.1.2 (Ronquist & Huelsenbeck 2003) and Maximum likelihood (ML) with PHYML, version 3.0 software (Guidon & Gascuel 2003) . The appropriate model for BI and ML analysis was selected with jModelTest, version 0.1.1 (Posada 2008) using Akaike Information Criterion. The best fit model identified by AIC for phylogenetic reconstruction was GTR+I+G. Bayesian analyses were run for 5 million generations, with four chains, and trees sampled every 1000 generations. The first 1250 sampled trees were discarded as burn-in, and subsequent tree likelihoods were checked for convergence in Tracer 1.5.0 (Rambaut & Drummond et al. 2012) . A fifty percent majority rule consensus tree was computed using the remaining trees and visualized by FigTree v1.4.0 software. In ML analysis a starting tree was obtained by BIONJ and nodal support was estimated from 1000 bootstrap replicates.
To assess interspecific divergence between the Iranian species of Niphargus, we calculated the genetic distances corrected with Kimura two-parameter (K2P) model (Kimura 1980) as implemented in MEGA ver. 5 (Tamura et al. 2011) and Patristic distances from a maximum likelihood (ML) tree as described in Fourment and Gibbs (2006) in the PATRIS-TIC v1.0 program. Patristic distances have been broadly used in Niphargus taxonomy so far; as such warrant compatibility of the results across different studies (Léfebure et al. 2006 , Meleg et al. 2013 . Diagnosis -The rami in uropod I have equal length. The urosomites I to II bear dorso-laterally one and two robust setae accompanied with one simple seta, respectively. The propods of gnathopods I to II are broader than long. The dactylus of gnathopod II is not reaching to the posterior margin of propodus.
Description of holotype -Total length of specimen 11.5 mm. Body strong and stout. Head length 13% of body length (Fig. 2) . Antennae I (Fig. 2) 0.47 of body length. Peduncular articles 1-3 progressively shorter; peduncular articles 2: 3 ratio 2: 1; main flagellum with 37 articles (most of which with short setae); accessory flagellum biarticulated and reaching 1/2 of article 4 of main flagellum, flagellar articles 1 and 2 with two and three simple setae, respectively (Fig. 2) . Length ratio of antenna I : II as 1 : 0.45. Peduncular article 4 as long as article 5, with nine and eight groups of simple setae, respectively; flagellum with 13 articles. Length of flagellum: length of peduncle article 4 + 5 as 0.56 : 1 (Fig. 2) .
Labium ( Fig. 3) with inner lobes and setae on tip of lobes. Inner plate of maxilla I with four long simple setae; outer plate with seven long robust setae with 1-0-2-0-2-5-0 apical (Fig. 2) . Both plates of maxilla II with numerous distal simple setae, with four lateral simple setae (Fig. 3) . Incisor in left mandible with five teeth, lacinia mobilis with four teeth; six setae with lateral projections between lacinia and triturative molar (Fig. 2) . Incisor in right mandible with four teeth, lacinia mobilis pluritooth; seven setae with lateral projec- tions between lacinia and triturative molar (Fig. 2) . Mandibular palp articles ratios 1 : 2 : 3 as 1 : 1.58 : 2.41. The proximal article has no setae, the second article with 16 setae along inner margin and the third article with one group of four A-setae, two groups of B-setae, no C-setae, 25 D-setae and four E-setae (Fig. 2) . Maxilliped with short inner plate on which are three distal robust setae intermixed with six distal simple setae; outer plate exceeding the proximal half of the posterior margin of palp article 2, with 12 robust setae along inner margin and four simple setae distally. Palp article 3 of maxilliped with one proximal, inner and outer group of long simple setae at outer margin; terminal article of palp with one simple seta at outer margin, nail shorter than pedestal (Fig. 3) . Coxa of gnathopod I shorter than coxa of gnathopod II. Coxa I rectangular, longer than broad, ventral to anterior margin each with three simple setae. Basis with setae along anterior and posterior margins; ischium and merus with posterior group of setae. Carpus with one group of four setae anterodistally, a bulge with long simple setae; carpus 0.54 of basis length and 0.71 of propodus length. Propodus slightly broader than long; anterior margin with nine setae in two groups in addition to anterio-distal group of nine simple setae. Palm slightly convex, with one strong long palmar robust seta, one short supporting robust seta on inner surface, with three robust setae with lateral projections on outer surface; two simple setae under supporting robust seta in palmar corner. Dactylus reaching posterior margin of propodus, outer and inner margins with a row of three and five simple setae, respectively; nail short, 0.23 of total dactylus length (Fig. 3) .
Coxa of gnathopod II rectangular, with 12 setae along anterio-ventro-posterior margins. Basis with setae along anterior and posterior margins; posterior margins of ischium and merus with one posterior group of setae each. Carpus 0.64 of basis length and 0.69 propodus length. Carpus with one group of four setae antero-distally. Propodus in gnathopod II larger than gnathopod I, trapezoid shape and broader than long; anterior margin Fig. 4 . Niphargus sarii sp. n., male, holotype, 11.5 mm. Legend: P III = pereopod III, P IV = pereopod IV, P V = pereopod V, P VI = pereopod VI, P VII = pereopod VII. Scale bar: 1 mm (P III-P VII) with totally four setae in two groups in addition to antero-distal group of eight simple setae. Palm nearly convex, with one strong palmar robust seta, one supporting robust seta without lateral projections on inner surface, with two robust setae with lateral projections on outer surface; two setae under supporting robust seta in palmar corner. Dactylus is not reaching posterior margin of propodus, outer and inner margins of dactylus each with five simple setae. Nail length 0.25 of total dactylus length (Fig. 3) . Coxa III rectangular, length to width ratio as 1.24 : 1; antero-ventro-posterior margin with 10 simple setae. Coxa IV rectangular, length to width ratio as 1.36 : 1, antero-ventroposterior margin with eight simple setae, posterior concavity shallow and approximately 0.1 of coxa width (Fig. 4) . Coxa V with anterior lobe, with four and one simple setae on anterior and posterior lobes, respectively. Coxa VI with anterior lobe, with one simple seta on anterior and posterior lobes each. Coxa VII with one simple seta (Fig. 4) .
Pereonites I-VI without setae. Pereonite VII with one simple seta along dorsal surface. Pereopod III : IV lengths ratio as 1.08 : 1 (Fig. 4) . Dactylus IV short, length of dactylus 0.36 of propodus, nail shorter than pedestal (Fig. 4) . Pereopods V: VI: VII length ratios as 1 : 1.26 : 1.17, respectively. Pereopod VII 0.52 of body length. Pereopod bases V-VI each with eight groups of robust setae and pereopod basis VII with 12 simple setae along anterior margin, respectively. Pereopod bases V-VI with 13 and 14 simple setae and pereopod basis VII with eight groups of robust setae along posterior margin, respectively (Fig. 4) . Posteroventral lobe of ischium in pereopods V-VII weakly developed. Ischium, merus and carpus in pereopods V-VII with several groups of robust and simple setae along anterior and posterior margins; propodus of pereopod VII longer than these in V-VI, dactyli of pereopods V-VII with one robust and one short simple seta at the base of nail on inner margin, nail length of pereopod VII 0.29 of total dactylus length (Fig. 4) .
Epimeral plates I-III ( Fig. 5 ) with angular postero-ventral corner, anterior and ventral margins convex; postero-ventral corners of plates I-III with one robust seta each, and with one, two and two simple setae posteriorly, respectively. Epimeral plates II-III with three and two robust setae along of ventral margins, respectively.
Pleonites I-III each with one to two simple setae along dorsal surface. Peduncle of pleopod I with two simple setae and two-hooked retinacles along of inner margin (Fig. 5) ; peduncle of pleopod II with two-hooked retinacles at distal part of inner margin; peduncle of pleopod III with two-hooked retinacles and with one simple seta at distal part of inner margin; rami of pleopods I-III each with 10 to 14 articles (Fig. 5) .
Laterally, urosomites I-III with one robust seta, two robust setae and one simple seta and without setae, respectively. Peduncle of uropod I with five and two large robust setae along dorso-lateral and dorso-medial margins, respectively. Outer ramus as long as inner ramus; inner ramus with three groups of robust setae laterally and five robust setae distally; outer ramus with four groups of seven robust setae laterally and five robust setae distally (Fig. 5) . Inner ramus in uropod II longer than outer, both rami with lateral and distal long robust setae (Fig. 5) . Uropod III long, almost 0.5 of body length. Peduncle of uropod III with five robust setae. Outer ramus biarticulated, distal article 0.19 proximal article. Proximal article of outer ramus bearing seven and eight groups of robust setae along inner and outer margins (Fig. 5) ; distal article with simple setae laterally and four simple setae distally. Inner ramus short, with two robust and one simple distal setae. Telson longer than broad, lobes slightly narrowing; each lobe with three robust setae distally and with two plumose setae laterally (Fig. 5) .
Etymology -The species is named in honour of Professor Alireza Sari, University of Tehran, Iran, to acknowledge his many years of contribution to the zoology of Iran, especially his work on crustaceans.
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Phylogenetic relationships and molecular divergence
We analysed 53 Niphargus species (63 individuals) based on 810 base pairs of the first fragment of the 28S ribosomal DNA gene. Two phylogenetic analyses (Bayesian inference and maximum likelihood) yielded similar topologies. The topology resulting from Bayesian inference analysis is presented in Figure 6 . The newly described N. sarii sp. n. is nested within the main Iranian clade plus the specimen from Lebanon (which is juvenile and its identity could not be determined). This species shares an ancestor with N. hosseiniei, N. khayyami and N. sohrevardensis (Fig. 6) . Pairwise uncorrected Kimura 2-parameter genetic distances and patristic distances on a 28s maximum likelihood tree between all Iranian species and the Lebanon sample are presented in Table 2. The K2P genetic distances between the N. sarii and other species ranged between 0.60% and 10.80%, and the patristic distance is between 0.90% and 28.60%. The new species is genetically most similar to N. sohrevardensis (0.60% K2P and 0.90% patristic divergence in the studied 28 rDNA gene fragment) and the most divergent species from N. daniali, (10.08% K2P and 28.60% patristic divergence). Minimum interspecific distance was observed between two previously known species N. persicus and N. darvishi with the least divergence of 0.30% in both K2P and patristic divergence.
DISCUSSION
The study of collected populations from Ilam Province proposes a new species of Niphargus genus, on the basis of morphological characters and the DNA sequences of 28S ribosomal DNA (rDNA) gene. The DNA sequences confirmed the relative taxonomic position of N. sarii sp. n. with N. sohrevardensis, N. hosseiniei and N. khayyami . The Bayesian and ML analyses indicate that this species is phylogenetically distinct of other relative species. All Iranian species (except N. daniali plus a sample from Lebanon) constitute a large, strongly supported monophyletic clade that is separated from European taxa. Two individuals of the newly described species constitute a strongly supported monophylum that differs from N. sohrevardensis in 0.60% and 0.90% of base pairs based on Kimura two parameter and patristic distances, respectively. According to Hou and Li (2010) and Esmaeili-Rineh et al. (2015a , this is within the same range of divergence for 28S gene as in well-defined Gammarus and Niphargus species. N. ilamensis N. ilamensis N. kermanshahi N. kermanshahi N. bisitunicus N. khwarizmi N. khwarizmi N. khwarizmi N. hakani N. hakani N. persicus N. persicus N. darvishi N. darvishi N. alisadri N. borisi N. sharifii Lebanon N. hadzii N. spoeckeri N. dalmatinus N. vinodolensis N. zagrebensis N. gabrovceci N. novomestanus N. illidzensis N. subtypicus N. dolichopus N. arbiter N. rejici N. longicaudatus (Neaples) N. longicaudatus (Cres) N. pasquinii N. timavi N. costozzae N. sanctinaumi N. polymorphus N. trullipes N. vjetrenicensis N. hvarensis N. karamani N. krameri N. fontanus N. puteanus N. lessiniensis N. stygius N. valvasori N. spinulifemur N. orcinus N. vadimi N. dimorphus N. carniolicus N. daniali N. grandii N. aquilex N. schellenbergi Synurella Gammarus fossarum Pontogammarus crassus N. sarii sp. n. is geographically far from its sister species N. sohrevardensis. This is a surprise, as Niphargus species are in general poorly vagile, and closely related species often share the same geographic region (Fišer et al. 2008 , Trontelj et al. 2009 , Meleg et al. 2013 . The distance between the two species is 323.5 km. Moreover, the distances between N. sarii with N. hosseiniei and N. khayyami are 127.3 and 121.4 km, respectively.
The species is also morphologically distinct from other Iranian species. A shortened comparison of diagnostic traits for the Iranian species is presented in Table 3 . Both species share several morphological traits in the ratio of second to first article of the outer ramus of uropod III, the number of supporting robust setae in the palmar corner of gnathopods I-II and the number of robust and simple setae in dorso-lateral urosomites I-III surface. However, this species differs from N. sohrevardensis in the shape of propodus of gnathopods I-II, by the absence of lateral robust setae in telson, by the ratio of rami length in uropod I and by the outer plate longer than the palpus in maxilla I (EsmaeiliRineh et al. 2017b) . Thus, the evidence from both morphological and molecular studies supports N. sarii sp. n. as new species (Table 3) .
The new species resembles N. hosseiniei in distal robust setae in telson, the ratio of maxillar palpus to outer plate length in maxilla I and in the shape of the postero-ventral angle of epimeral plates. The two species differ from each other in the ornamentation of the lateral projections of the robust setae in outer plate of maxilla I, the number of robust and simple setae in dorso-lateral urosomites I-III surface and the ratio of the inner to outer ramus of uropod I and the shape of propodus in gnathopods I-II. N. hosseiniei is recognizable by rectangular and triangular propodi in gnathopods I-II, respectively, whereas N. sarii sp. n. bear trapezoidal shape propodi in both gnathopods. Also, N. hosseiniei individuals bear double palmar robust setae that was not observe in other Iranian species (Esmaeili-Rineh et al. 2017b) . Niphargus khayyami differs from N. sarii sp. n. by the ratio of inner to the outer ramus of uropod I, by the ratio of palpus to outer plate length in maxilla I and ornamentation of lateral projections of robust setae in outer plate of maxilla I (Hekmatara et al. 2013 ).
An important diagnostic trait of N. sarii sp. n. is the equal ratio of the length of rami in uropod I. This character was not observed in other Iranian species (Karaman 1998 , Hekmatara et al. 2013 , Esmaeili-Rineh et al. 2015b , 2016a . This character seen only in N. nadarini favitor in the Middle East (Karaman 2012 ), but, two taxa differ in the ratio of palpus to outer plate length in maxilla I, the number of robust setae at the base of nail in pereopods IV-VII and the number of robust setae in outer surface of palmar corners in gnathopods I-II.
Finally, we describe the new taxon and increase the Iranian niphargid fauna to 17 species. Most of the species are endemic to Iran. Endemic species are an important part of the natural heritage of the country. Therefore, it is necessary to identify the biodiversity of this area before habitat destruction. 
